Dynamic changes in organ blood flow and oxygen consumption during acute asphyxia in fetal sheep.
The effects of acute asphyxia on both the time course of blood flow changes in central and peripheral organs, including the skin, and the time course of changes in oxygen consumption were studied in 9 unanaesthetized fetal sheep in utero at 130 +/- 2 days of gestation during 4-min arrest of uterine blood flow. Blood flow distribution and total oxygen consumption were determined at 1-min intervals during asphyxia using isotope-labelled microspheres (15 micrograms diameter) and by calculating the decline of the arterial O2 content, respectively. During asphyxia peripheral blood flow including that to the skin, scalp, and choroid plexus decreased rapidly, whereas blood flow to the heart, brain stem and (in surviving fetuses only) adrenals increased slowly. Total oxygen consumption fell exponentially with time and was closely correlated with the fall in both arterial oxygen content and peripheral blood flow; the time courses of these changes were very similar to those of the decreasing blood flows to the skin and scalp. Blood flow within the brain was redistributed at the expense of the cerebrum and the choroid plexus; the total blood flow to the brain did not change. In the 5 fetuses that died during the recovery period adrenal blood flow failed to increase and, at the nadir of asphyxia, peripheral vessels dilated and central vessels constricted. We conclude that in fetal sheep near term during acute asphyxia the time course of changes in blood flow to central and peripheral organs is different; total oxygen consumption depends on arterial O2 content and peripheral blood flow; total blood flow to the brain does not change, but is redistributed towards the brain stem at the expense of the cerebrum and choroid plexus; fetal death is preceded by a failure of adrenal blood flow to increase, by peripheral vasodilatation, and by central vasoconstriction and skin blood flow validly indicates rapid changes in the distribution of blood flow and the changes in oxygen consumption that accompany it.